By taking the local approach of working at a fixed Reynolds number (equivalently at fixed distance from the axis of rotation) and assuming that the steady flow is spatially uniform, [1] shows that the boundary layer on a rotating disk is locally absolutely unstable at Reynolds numbers in excess of a critical value. The value of the critical Reynolds number agrees exceedingly well with experimentally measured values of the transition Reynolds number, leading to a clear hypothesis that absolute instability plays a role in turbulent transition on the disk.
By taking the local approach of working at a fixed Reynolds number (equivalently at fixed distance from the axis of rotation) and assuming that the steady flow is spatially uniform, [1] shows that the boundary layer on a rotating disk is locally absolutely unstable at Reynolds numbers in excess of a critical value. The value of the critical Reynolds number agrees exceedingly well with experimentally measured values of the transition Reynolds number, leading to a clear hypothesis that absolute instability plays a role in turbulent transition on the disk.
In contrast to this local analysis, [2] solve the linearised Navier-Stokes equations directly for the rotating disk. When they make the same homogenous flow approximation as in [1] , they recover those results in full. However, when the spatial inhomogeneity of the boundary layer is included there is no evidence of an unstable global oscillator in the long-term response.
In order to address this discrepancy between the local results and the numerical simulations of the full inhomogeneous flow, we consider the linear global modes of the rotating disk/cone boundary layer.
Formulation
For a cone with general half angle, ψ 0 , we define a non-dimensional coordinate system consisting of S measured along the surface of the cone from the apex, z in the direction normal to the cone surface and φ the azimuthal angle.
The solution of the resulting steady boundary-layer flow equations (see [3] ) has the similarity form
subject to non-slip conditions applied at the surface of the cone, z = 0. These equations are exactly the similarity equations for the flow over a rotating disk (see [4] ). The cone angle has therefore been scaled out of the steady-flow equations.
To derive the unsteady-perturbation equations we consider the velocity and pressure components in the form of the axisymmetric steady flow plus an unsteady perturbation of the form
The form of this perturbation is consistent with the procedure for analysing weakly non-parallel flows which evolve slowly in the streamwise direction, due to [5] . Here n must be an integer in order to enforce periodicity in the azimuthal direction around the axis of symmetry. We require n large, and choose the preferred scaling n =n/ , withn = O(1) and the ratio of the characteristic boundary-layer thickness to the characteristic size of the body. It is possible to rescale the resulting perturbation equations by writing
so as to eliminaten. Note thatw is the perturbing velocity in the normal direction. We see that the cone half angle has been completely scaled out of both the steady (1) and unsteady (3) equations, and so we need to consider only the stability of the rotating disk from which the behaviour of the cone can be directly inferred. [5] show that the long-time behaviour of weakly non-parallel flow is governed by the behaviour of the global mode of complex frequency ω G . If Im(ω G ) > 0, the global mode is unstable and hence the flow will be globally unstable; whereas if Im(ω G ) < 0, the global mode is damped and the flow will be globally stable. The global-mode frequency is determined as follows: [2] . No other such pinch points have been found in the S c plane. We can infer immediately that the global mode on a cone of arbitrary half angle is also damped.
Results & Conclusion
In our linearised analysis unsteady viscous, streamline curvature and Coriolis terms are absent, and the assertion that the region of local absolute instability does not lead to global instability can therefore be made on the basis of the simplest representation of the unsteady flow and does not require solution of the full linearised Navier-Stokes equations.
We suggest that our results do not imply that absolute instability has no role in the transition to turbulence on the rotating disk, and so do not contradict the original hypothesis of [1] . In order to see this one must include nonlinearity: [6] and [7] have shown that a self-excited, nonlinear global mode will always exist in the presence of a region of local absolute instability. This is in contrast to linear theory, since we have seen here that the region of local absolute instability on the disk is not sufficient to support an unstable linear global mode. [8] has further shown that this nonlinear global mode can undergo secondary instability very close to the convective-absolute boundary, providing a possible route to turbulence.
